. The temperature contrast between the cold slabs and hot plumes was found to be about 800 K at 1,000 km, increasing to 1,500 K at 2,000 km and, possibly, over 2,000 K at the core-mantle boundary.
temperature significantly anharmonic phenomena, such as melting 8, 9 , ionic conductivity, displacive phase transitions, thermal expansion 10 , and elastic properties. In the past the outstanding computational expense precluded the use of AIMD for studying the elasticity of materials. Calculations of elastic constants using this method can be done conveniently via one of two routes: 1) from fluctuations of stress or strain, 2) from stress-strain relations, i.e. from Hooke's law. Both routes require enormous computational efforts because very long runs are required by the first method, or in the case of the second method because of the necessity to perform several independent AIMD simulations for different lattice strains that include the nonlinearity of stress-strain relations. Recent advances in computer technology and increased accessibility of supercomputers have for the first time now made such simulations possible.
Orthorhombic MgSiO 3 perovskite is an ideal subject for AIMD simulations. When containing some Fe, it is the most abundant mineral in the Earth, comprising 60-100 vol.% of the LM and dominating many of its properties. The LM comprises over 50% of the Earth's volume; extending between the depths of 670 km and 2,891 km, it is characterised by very high pressures (24-136 GPa) and temperatures, roughly between 2,000 K and 3,000 K, possibly rising to ca 4,000 K
11
. At these temperatures atomic motion is essentially classical and possibly significantly anharmonic, making molecular dynamics approach well justified. A hypothetical cubic phase with superionic conductivity has been proposed as an explanation of the observed high electrical conductivity of the lower mantle 12, 13 ; molecular dynamics is the only currently viable approach to simulate fast ionic conduction phenomena in solids. Our previous work 14 considered static (i.e. neglecting thermal motion of atoms) elastic constants and employed AIMD to study thermal expansivity and thermal equation of state of MgSiO 3 perovskite, which was found to stay orthorhombic at LM temperatures. Here we perform AIMD simulations of elastic constants of MgSiO 3 perovskite at LM conditions with a full account of temperature. At this stage we consider only the pure MgSiO 3 perovskite. The effects of the moderate Fe content, while potentially important for certain properties (e.g., shear modulus), are expected to be negligible for others, especially for the thermal expansion, bulk modulus, and P-Tderivatives of the elastic moduli and seismic wave velocities, which are the main subject of this work.
Seismic tomography gives an invaluable insight into the 3D-structure and dynamics of the Earth, but its quantitative interpretation requires knowledge of temperature variations of seismic wave velocities. Seismology gives ν T =( We calculate ν T =0.61-0.81 (our static simulations 14 give 0.59-0.74) in keeping with geophysical observations. The ν P increases from 1.5 at the depth of 1,000 km to 1.9 at 2,000 km. These values, obtained with full account of anharmonic effects, are still somewhat lower than the observed values. Karki et al.
22
, using the quasiharmonic approximation, found ν P of MgO to increase from 1.4 to 1.9 from to top to the bottom of the LM. This agrees well with our results for MgSiO 3 ; the still remaining deficit of ν P can only be explained by either significant zones, but strongly underestimate amplitudes of the velocity variations.
We find the temperature derivative of the bulk velocity, φ=(∂lnV Φ /∂T) P , to vary from - ). This effect can even produce an anticorrelation between the bulk and shear velocities, but not its observed 5 pattern: it remains a mystery why it is the bulk (not shear) velocity anomalies that undergo a reversal near the core-mantle boundary (i.e. low-velocity zones at the core-mantle boundary underlay high-velocity anomalies of the rest of the LM). In any case, the temperature contrasts obtained from the bulk velocities must be the most reliable, at least outside the anomalous core-mantle boundary region, where compositional effects seem to be significant for all types of seismic waves. The temperature contrasts that we have found can be used as important constraints in numerical modelling of the mantle convection.
Kesson et al.
27
estimated that lithospheric slabs should be at least ~650 K colder than surrounding mantle if they are to sink to the core-mantle boundary and at least 250 K colder to reach the depth of 1,100 km. Our maximum cold temperature anomalies (roughly half of the total temperature contrasts) are similar to these estimates and suggest that some lithospheric slabs might stop sinking before reaching the core-mantle boundary. Neutrally buoyant slabs will be dissolved by the convecting mantle; some tomographic maps show most slabs Nature 393, 252-255 (1998). 
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